Clinical reasoning can be difficult to teach to pre-professional physiotherapy students due to their lack of clinical experience. It may be that tools such as clinical prediction rules (CPRs) could aid the process, but there has been little investigation into their use in physiotherapy clinical education. This study aimed to determine the perceptions and experiences of physiotherapy students regarding CPRs, and whether they are learning about CPRs on clinical placement.
Introduction
Clinical reasoning refers to the thinking and decision-making processes undertaken by the practitioner in collaboration with their patients [1] . Goals and health management strategies are jointly decided based on clinical data, patient choices, practitioner judgment and knowledge [2] . It is a fundamental skill that underpins physiotherapy assessment and management, yet it is challenging to teach to preprofessional physiotherapy students who have minimal clinical experience. It can be difficult for students to learn and develop clinical reasoning skills, so teaching a more formalised and mechanical structure for clinical decision-making may make it easier for students to achieve competency in clinical reasoning [3, 4] . Various tools and strategies have been developed to assist with clinical reasoning: one example of this gaining prominence in the physiotherapy literature is the clinical prediction rule (CPR) [5, 6] .
A CPR is a tool derived to facilitate clinical decision-making, being used to either establish a diagnosis, formulate a prognosis, or propose an optimal treatment approach [7] . CPRs do this by combining relevant clinical variables to give a numeric probability of a condition or an outcome [8, 9] . Although there are many CPRs that can be applied in physiotherapy clinical practice, preliminary evidence is emerging that CPRs are underutilised by physiotherapists, who are either unaware of them [10] or reluctant to use them [5, 11] .
The extent to which physiotherapists are exposed to CPRs as pre-professional students is unknown. Of the five universities involved in this study, one does not formally teach anything about CPRs in its curriculum, while the other four introduce only a few basic concepts with specific examples of CPRs. A study by our research team found that most physiotherapy clinical educators in Australia were not teaching CPRs [10] , so a comprehensive evaluation of physiotherapy students across Australia would be valuable in order to ascertain how much they know about CPRs. It may be beneficial to teach students a general understanding of CPRs as an aid to learning clinical reasoning, and exposing students to the application of CPRs in the clinic is consistent with an evidence-based approach to physiotherapy learning and practice. Furthermore, if students can be better educated about CPR usage it may help alleviate the fears of some clinical educators that CPRs promote a recipe-based approach to clinical practice [10] .
Accordingly the aims of this study were to (1) investigate the understanding, extent and nature of the clinical use of CPRs among final year pre-professional physiotherapy students across Australia; and (2) explore the influence of CPRs on students' learning of clinical reasoning and associated implications in the context of evidence-based practice (EBP).
Methodology
The study involved a cross-sectional survey of final year pre-professional physiotherapy students in Australia using a paper-based questionnaire.
Survey instrument
Development of the questionnaire began with a review of the literature related to CPRs, including those available and relevant to physiotherapy practice. The draft questionnaire was then provided to five academic experts who had published in peerreviewed international scientific journals on the use of CPRs in physiotherapy. Each expert was asked to comment on the content and face validity of the questionnaire.
All five experts provided feedback on the appropriateness, clarity, comprehensiveness and validity of the questionnaire.
The draft questionnaire was next piloted with a sample of convenience of eight recent physiotherapy graduates within 12 months of finishing their pre-professional qualification. They were asked to complete the draft questionnaire individually, and to provide feedback on clarity of questions and ease of completion, as well as indicating the approximate time taken to complete the survey. Following incorporation of their feedback, the questionnaire was finalised. any open-ended questions requested specific information that enabled categorisation and quantitative analysis of data. There were three sections. The first section (8 questions) examined students' knowledge and use of CPRs in the clinical setting, why they use them, why they do not use them more frequently, whether they may deviate from the clinical path indicated by a CPR if used, and how they accessed interventional), chosen as being relevant to physiotherapy practice [12] , and listed by their intended purpose: students were asked to indicate which of these they were familiar with, and which they had actually used on clinical placement. Respondents were also asked to nominate any CPRs they knew by name, such as by citing the geographical origin or author. The third and final section (5 questions) asked for simple demographic information, including the type of clinical settings attended for placements.
Sampling and recruitment
Final-year physiotherapy students were surveyed from four undergraduate and three graduate pre-professional programs, with cohort sizes ranging from 21 to 151 students, across five universities in five Australian states. All university programs were accredited, and required students to meet a national set of educational standards mandated by the Australian Physiotherapy Council [13] .
Specific methods of recruitment varied at the different universities, but included any or all of the following: flyers placed on physical and/or electronic noticeboards notifying students of the study, and emails sent to final year physiotherapy students via their student email accounts with a copy of the flyer and an Information Statement for Participants. Subsequently, at each university one of the researchers attended a lecture where all or most final-year students were expected to attend, and questionnaires were distributed along with a copy of the Information Statement for Participants. The purpose of the study was explained, and students were invited to either complete the survey then or take it with them to complete later. All completed questionnaires were collected in a drop-off box at each university. No identification was attached to the questionnaires so student anonymity was maintained.
Data analysis
Using the statistical analysis package STATA v11.0 (StataCorp, USA) [14] , analysis was comprised of descriptive statistics presented as proportions of respondents, with mean (standard deviation) and range values determined for some parameters.
Associations between responses to selected questions were investigated using the Chi-squared test. Data were checked for normality and non-parametric statistics were used when appropriate.
Results
Across the five universities there were 484 students in final-year programs. A total of 371 completed questionnaires were returned, resulting in a response rate of 77% (371/484). Respondent demographic information is shown in Table 1 . The majority of respondents were female (234/371, 63%), and were aged 20-23 years (253/371, 68%). All but one student had attended a clinical placement in a hospital and 56% (209/371) had attended a private practice placement. Nearly two-thirds (238/371, 64%) had completed placements in all three major clinical areas (musculoskeletal/orthopaedics, cardiorespiratory, and neurological) [13] while almost all respondents (338/371, 91%) had attended placements in at least two of these areas. Nearly half (173/371, 47%) had also completed placements in more specialised areas such as paediatrics and women's health. Of the 30 CPRs listed in Table 2 , all were known by at least four users, with 20 of the CPRs recognised by more than a quarter (20/79) of the users. Ninety-two percent (73/79) of users knew at least one CPR on the list, 66% (52/79) knew at least five, and 38% (30/79) knew at least 10 of the CPRs listed. One student recognised all 30 and another three students were familiar with all but two of the CPRs. The median number of CPRs known to student users was 6, with an inter-quartile range (IQR) of 3-12. The CPRs most commonly known by student users were those for determining the need for an X-ray following injuries to the ankle and foot (53/79, 67%) [15] , and for identifying deep venous thrombosis (DVT) (50/79, 63%) [16] . Two users were familiar with an additional two CPRs for other purposes not on the list. Thirty-eight percent (30/79) of users were able to name CPRs they knew, mostly the Ottawa Ankle Rule (28/79, 35%) [15] and the Ottawa Knee Rule (16/79, 20%) [17] , with only two students able to specifically name another CPR.
Awareness and knowledge of CPRs

Use of and learning about CPRs on clinical placement
Sixty-eight percent (54/79) of users had employed at least one CPR from the list of 30 while on clinical placement, 30% (24/79) had used at least five, and 13% (10/79) had applied at least ten of those listed. The greatest number used by any student was 19 and the median number used by students was two (IQR 0-6). The most commonly used CPRs were for identification of DVT (32/79, 41%) [16] , and for determining the need for an X-ray following injuries to the ankle and foot (30/79, 38%) [15] .
The most common reasons reported by students for using CPRs, and for not using them more often, are listed in Table 3 , along with reasons for wanting to learn about them and perceptions about why students don't learn about CPRs more often. Even though 72% (57/79) of users of CPRs said they considered their clinical educators as a source of information on CPRs whilst on clinical placement, 80% (63/79) reported that educators were either not using CPRs or not teaching them, suggesting that a relatively small proportion of all clinical educators are actually teaching CPRs. Figure  1 shows how often students reported learning about CPRs whilst on clinical placement. Participants were also asked if they advocated the teaching of CPRs to students, with 80% (63/79) in favour and 20% (16/79) expressing no preference;
none was opposed to the teaching of CPRs.
Relationship between CPRs and clinical reasoning
The most common single reason stated by students for using CPRs was to assist with their clinical reasoning (59/79, 75%) ( Table 3 ). In addition, 61% (48/79) of student users said they wanted to learn about CPRs to help with the development of clinical reasoning skills (Table 3) 
Discussion
This survey investigated the perceptions and experiences of pre-professional physiotherapy students in Australia regarding their use of CPRs, and reveals that many have never heard of CPRs and many more are not using them. Those students who had used them reported that they were learning little about CPRs from their clinical educators. The 27% of student users who reported they were 'sometimes' or 'always' learning about CPRs whilst on clinical placement (Figure 1 ) represent less than 6% of total respondents, and so most students are unlikely to be taught CPRs in the clinical setting, supporting the findings of our survey of physiotherapy clinical educators [10] . Arguably if students have such a poor understanding of CPRs or are using them inappropriately, it highlights the need for better education regarding EBP (including CPRs) in the classroom and in the clinic.
The response rate of 77% captures a substantial proportion of final-year students at the universities surveyed. These are broadly representative of physiotherapy programs in Australia as the sample included respondents from both undergraduate and graduate pre-professional programs, a range of cohort sizes, universities located in municipalities of different sizes and across all major states in Australia offering physiotherapy education.
Student understanding of CPRs
The results indicate that physiotherapy students' knowledge of CPRs is surprisingly limited, with 60% of respondents having never heard of them. Comments indicated confusion about the term 'Clinical Prediction Rules', with some students unable to differentiate between them and standard clinical reasoning or outcome measures, with two respondents saying "I don't exactly know how Clinical Prediction Rules differ to (sic) clinical reasoning" and "I feel that they might be outcome measures". Overall, knowledge of CPRs was limited, with few students recognising or able to name a CPR. Indeed, only a handful of students reported a wide exposure to many CPRs, and only two students could name a CPR other than the Ottawa Ankle and Knee Rules. This might be concerning given several studies [18] [19] [20] have suggested that lack of awareness or understanding of a CPR is a major barrier to its utilisation.
Even though the term 'Clinical Prediction Rule' was defined at the start of the survey, including variations of the terminology used, several student respondents indicated they had not used CPRs and then made comments suggesting they actually may have been exposed to CPRs but had a limited understanding. For example, one respondent stated: "I have had experience with some of the statements in the 'Purpose of clinical prediction rule' table but have never heard it called Clinical Prediction Rule". Thus some respondents categorised as being non-users may in fact have been users, albeit unknowingly.
Student experience with CPRs on clinical placement
Use of CPRs by physiotherapy students on placement was also low (only 21% of respondents); even amongst those who had heard of CPRs nearly half (47%) had never used them. Most CPR users were only using a few, with 70% using fewer than five. The most common reasons for this were students not knowing enough about CPRs or not using them often enough (81%) and a perceived lack of use or knowledge about CPRs by clinical educators (80%). This is consistent with a recent survey of physiotherapy clinical educators [10] , which found that a large proportion of educators knew little about CPRs and so were unlikely to be teaching them to students on clinical placement.
A CPR should undergo three stages of development (derivation, validation, impact analysis) [9, 21] , with progression through each of these stages leading to growing confidence in the clinical utility of the tool (see Table 2 ). The two CPRs that students were most familiar with had progressed to the impact analysis (final) stage of development. Six of the eight CPRs most commonly known and used by students had been validated (second stage) The finding that students were more likely to know of and use CPRs that had undergone impact analysis, or at least been validated, possibly suggests they may have learned about the stages of development of CPRs and perhaps had more confidence in employing those that had progressed beyond the derivation stage. It may also indicate that their clinical educators were more likely to teach and encourage the use of validated CPRs, or that CPRs that had been validated were more likely to have been incorporated into clinical practice and teaching.
Students used CPRs, and wanted to learn about them, for multiple reasons. Each CPR is designed and developed to aid with determining either a diagnosis, an outcome, or an ideal intervention [7] , and a large proportion (84%) of student users were employing CPRs for one or more of these purposes ( Table 3 ). One student said that CPRs were a "useful guide" that helped overcome their lack of experience. The large majority (80%) favoured the teaching of CPRs to students and not one user respondent was opposed, suggesting that the barriers to student use of CPRs relates more to a lack of knowledge rather than a lack of confidence in these tools [5, 20, 22] .
Student perceptions about CPRs and clinical reasoning
While studies may indicate that physiotherapists rely less on research-based evidence than on other sources of information for treatment selection [62] , practitioners do in the main have a positive attitude towards learning and clinically implementing EBP [63, 64] . EBP can play a significant role in all aspects of broader patient managementconsisting of Examination, Evaluation (including clinical reasoning), Diagnosis, Prognosis, Intervention and Outcomesby evaluating procedures utilising the analytical tests of sensitivity, specificity and likelihood ratios [65] , and which inform the development of CPRs [12] . Students generally felt positive about the relationship between CPRs and clinical reasoning, with three-quarters using CPRs specifically to assist with their clinical reasoning, and more than half believing CPRs aided the development of clinical reasoning skills. Interestingly, comments such as CPRs were "an option, not to replace clinical reasoning" indicated that CPRs were indeed recognised as simply an aid and not a prescription.
Consistent with this interpretation, nearly half of the users stated they had proceeded in a differing direction to the clinical decision suggested by a CPR, citing reasons such as "more complex issues" and "other clinical indicators which contraindicated the findings of the CPR". This suggests that students often use them to guide, rather than direct, their clinical reasoning.
Limitations
Although the response rate was high amongst potential respondents, 79% (292/371) of respondents were non-users of CPRs; thus only 79 respondents were able to answer subsequent questions about the use and learning of CPRs. Furthermore, it is possible that some non-users had actually used a CPR but were unfamiliar with the term.
The study was limited to five universities in Australia, although these were across five states. The majority of respondents were in undergraduate programs, which is the most common professional pathway in Australia. Professional pathways differ internationally, and it is unknown whether the knowledge or use of CPRs would be different for students completing their pre-professional physiotherapy qualification through varied pathways in other countries.
Future research
Students reported that many clinical educators were not teaching them about CPRs in the clinic and that exposure to CPRs in the classroom by academics was also limited. Future research could therefore potentially develop and evaluate an educational package aimed at assisting physiotherapy clinical educators and possibly academics in using and teaching these tools in the context of evidence-based practice.
Conclusion
This study found that the minority of physiotherapy students who knew about CPRs recognised them as useful for many reasons including as an aid to their clinical reasoning, and expressed that they wished to learn more about them. However the majority of students were unaware of CPRs or were not getting the opportunity to use them or learn about them on clinical placement. 
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* Multiple answers possible so may add up to more than 100% CPR=clinical prediction rule; SD=standard deviation [25] 38 (48) 16 (20) Derivation Risk of osteoporosis [26] [27] [28] [29] 38 (48) 11 (14) Validation Identification of injuries to knee (need for X-Ray) [17] 37 (47) 18 (23) Impact analysis Patellofemoral pain, and likely to benefit from patellar taping [30] 34 (43) 19 (24) [44] 23 (29) 8 (10) Validation Neck pain likely to be cervical radiculopathy [45] 23 (29) 6 (8) Derivation Low back pain, and likely to benefit from lumbar stabilisation exercises [46] 22 (28) 12 (15) Patellofemoral pain, and likely to benefit from lumbar spine manipulation [57] 
(15) 3 (4) Derivation
Neck pain, and likely to benefit from cervical spine manipulation [58] 12 (15) 
(3) Derivation
Shoulder pain, and likely to benefit from cervicothoracic manipulation [59] 11 (14) 
Neck pain, and likely to benefit from thoracic spine manipulation [60] 11 (14) 1 (1) Validation Treatment of temperomandibular joint pain with 4 (5) 0 (0) Derivation splint [61] Other CPRs for any condition except low back pain 2 (3) 1 (1) Other CPRs for low back pain 0 (0) 0 (0) Nil 6 (8) 25 (31) Median (IQR) number of CPRs per user 6 (3-12) 2 (0-6)
CPR=clinical prediction rule; IQR=inter-quartile range 
Why don't you use CPRs more often?
Lack of practice with their use 47 (59) Lack of knowledge about their use 45 (57) One or both of these reasons 64 (81)
Why do you think you haven't learnt about CPRs more often while on clinical placement?
Educators don't seem to use them 54 (68) Educators don't know enough about them to be able to teach them to students 24 (30) One or both of the above two reasons 63 (80) Educators prefer that students practice standard clinical reasoning rather than using a formula 34 (43) 
Why do you think students should learn about CPRs on clinical placement?
Assist with making a diagnosis 55 (70) Assist with making a prognosis 38 (48) Assist with choosing an intervention 46 (58) Make interventions more effective 20 (25) One or more of the above four reasons 67 (85) Help with developing clinical reasoning 48 (61) Streamline assessment procedures 31 (39) Improve use of evidence-based practice 23 (29) Because they are reflective of current best practice 21 (27) Assist student learning 16 (20) CPR=clinical prediction rule
